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Abstract

Introduction

Intracellular structures of embedded biological tissues (rat kidney, myocardium and small intestine) were
observed by conventional-scanning
electron microscopy
(C-SEM) and high-resolution scanning electron microscopy (HR-SEM) after glass knife sectioning. C-SEM of
semi -thin sections of material processed the same way as
conventional transmission electron microscopy (TEM)
provided strong backscattered electron (BSE)-dependent,
two-dimensional
secondary electron images (SEI(-))
which precisely integrated and further extended previous
light microscopy
(LM) observation
of the same
specimen.
In addition, the three-dimensional
(3-D)
arrangement of intracellular organelles was appreciated
using a mixture of acetone-soluble acrylic resin in place
of epoxy resin embedding.
Since the identification of
such structures was hampered by the use of conventional
fixations we introduced
osmium maceration
as a
preliminary step to remove excess cytoplasmic matrix
from the specimen. Consequently, semi-thin sections for
LM and thin sections for TEM were obtained by sectioning of the tissue blocks . After resin removal, the sections were successfully observed in 3-D under a C-SEM.
Finally,
the deem bedded, osmium treated sections
proved to be smooth enough to facilitate deposition of
continuous,
ultra-thin (1 nm) chromium films and,
therefore , HR-SEM studies of macromolecular
cell
membrane structures.

In the biomedical sciences, scanning electron microscopy (SEM) is well suited to provide a three-dimensional (3-D) visualization of natural surfaces with a great
depth of field. Various attempts have also been made to
perform topographic studies on the internal architecture
of cells and tissues. This latter application has not yet
been given proper consideration mainly because intracellular surfaces are not readily accessible to SEM observation and complex methods of tissue processing are therefore necessary to permit such SEM examination.
Exposure of interior cell structure can be achieved by using
different methods . It is not the aim of the present paper
to review all the relevant literature dealing with this
subject here (for a comprehensive list see Dalen , 1983).
It seems sufficient to mention that internal surfaces can
be exposed by using either specimen fracturing or sectioning techniques . In the first approach, which is the
most common, frozen specimens can be fractured by use
of mechanical devices and either hydrated (Echlin and
Moreton , 1973 ; Inoue and Koike , 1989; Miiller et al.,
1990), or dehydrated (Haggis et al., 1976; Humphreys
et al., 1974; Tanaka and Naguro , J981) tissue examined.
On the other hand , sectioning is generally accomplished
by using embedded or unembedded chemically fixed material (Winborn, 1976; Laane, 1976) . Each of these approaches have their own advantages and disadvantages.
However, in our opinion, in a clinical laboratory, sectioning is preferable because of the ease of correlative
studies using different imaging methods , e.~, - light
microscopy (LM), SEM, and transmission electron microscopy (TEM), on the same biological specimen .
In this paper we describe our experiences related
to the use of SEM in the examination of sectioned biological material. Conventional-SEM (C-SEM) of resin
embedded or deembedded semi-thin sections, as well as
the results of our recent examination of C-SEM and high
resolution-SEM (HR-SEM) ofosmium macerated, deembedded biological sections are also presented.
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C-SEM of Epoxy Resin Embedded Semi-thin Sections
In a previous study (Scala et al., 1985), we
demonstrated that the Everhart-Thornley secondary elec-
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resins with the aim of observing the 3-D architecture of
intracellular membranous structures and , at the same
time, making a precise correlation between LMI and
SEI. Using routine TEM fixatives (e.g., glutaraldehyde
followed by osmium tetroxide) and a resin removal technique (e .g., a mixture of n-butyl and methyl methacrylate, Glauert, 1974 ; Scala et al., 1989; Scala et al. ,
1990) , we have obtained sectioned material which is
suitable for the C-SEM examination of intracellular
structures. For example, Fig. 2A is a SE(-) image of a
semi-thin rat small intestine section . The sample was
processed as described in the previous section , except
that the tissue fragments were embedded in acrylic resin
consisting of an 8:2 mixture of n-butyl and methyl
methacrylate with I% benzoyl peroxide as a catalyst
(Glauert, 1974) . The embedding medium was dehydrated with a molecular sieve and filtered before use.
The resin was polymerized for 12-24 hours at 60 °C.
After sectioning, the specimens were collected on silicon
chips, stained with uranyl acetate and lead citrate and
viewed in a C-SEM. The 2-D SEI shows an intestinal
villus from rat duodenum. The nuclei of absorptive cells
in the surface epithelium as well as some intra-epithelial
lymphocytes were evident. The luminal surface of enterocytes was studded with numerous microvilli.
The
core of the villus (lamina propria) presented loose connective tissue along with some assorted cel l elements .
After resin removal by several baths in pure acetone (1530 minutes) , a contiguous specimen was critica l-point
dried , decorated with gold and viewed again in the CSEM. Fig. 2B shows the deembedded semi-thin section
from rat duodenum. This time , a 3-D SEI, which precisely integrated the 2-D SEI seen in Fig. 2A , was ob tained. At a high er magnification (Fig . 2C) , a few mito chondria embedded in a dense network of fixed cytop lasmic proteins and cytoskeletal elements were recognized.
However, because of the initial glutaraldehyde fixation,
organelles and cytoplasmic matrix were fixed so well
that we could neither confidently identify nor readily
interpret specific intracellular structural components .

tron detector (SED) of the C-SEM operated in the 15-30
kV range is very effective in surveying thin and semithin sections of embedded biological material. In a CSEM the specimen is placed in the chamber at a working
distance below the final probe forming lens (Apkarian et
al., 1990) . By using this collection geometry, as well as
medium to high beam energies ( > 15 kV), the backscattered electrons (BSE) yield obtained is greater than the
corresponding secondary electron (SE) yield (Joy, 1984).
Consequently, the final SE image (SEI) is highly BSEdependent. Sections obtained from embedded biological
material are specimens which characteristically present
minimal surface topography . Their examination by SED
allows us to obtain SEI which are dominated by the BSEdependent contrasts, namely BSE and SE-II/III signal
components.
Accordingly, images by SED of thin and
semi-thin sections are two-dimensional
(2-D) images
providing averaged information on the internal structure
of the specimen in relation to the depth of beam penetration. As far as the mechanisms of image generation are
concerned, SEI are completely equiva lent to the corresponding images obta ined in BSE mode (Scala et al.,
1985) .
We further developed some methods which allow
observation, in sequence, of the same semi-thin section
by both LM and by C-SEM (Pasquinelli et al., 1985).
A precise inter-microscopic correlation between LM and
SEM im ages was accomplished. C-SEM examinat ion of
sem i-thin sections allowed observation of the intracellular structures at higher resolution than LM, and provided
SEI with a contrast comparab le to that of LM images
(LMI). Fig. I shows a semi-thin section of rat kidney.
Tissue fragments were preliminarily processed in the
sam e way as for routine TEM and embedded in
Araldite ®. The semi -thin sections, obtained with a glass
knife , were collected on a glass slid e, stained with
hematoxylin and eosin, and viewed by LM (Fig. IA).
After reducing the glass slide to the same size as the
SEM specimen stubs , the sections were counter-stained
with uranyl acetate and lead citrate and viewed by the
SED in a Philips 505 C-SEM. The resulting SEI (Fig.
1B), taken at reverse polarity(-), revealed contrast similar to that of the corresponding LMI. Furthermore, distinctive struct ural details, such as those related to the
mesangium and capi llary loop components were better
appreciated . Note also some scattered polymorphonuclear leukocytes and erythrocytes .

C-SEM of Deembedded Osmium Macerated Sections
Although resin removal successfully exposes intrace llul ar structures, Fig . 2C suggests that the use of
routine fixation schedules was not adequate for 3-D SEM
observation of intracellular organelles . Recently two effective methods for revealing intracellular structures on
fractured bulky specimens have been developed (for a
review see Inoue , 1985). One method is to use hypotonic solutions prior to fixation (Inoue, 1983), however,
this approach causes many artifacts such as organelle
swelling and rupture . The other method , the osmium
maceration technique of Tanaka and Nagura (1981), is
very reliable since it removes the excess cytoplasmic
matrix while effectively preserving the intracellular
membranous structures.
As a result , vivid, seeming ly
3-D SEI of nuclei, mitochondria, and rough endoplasmic
reticulum are obtained.

C-SEM of Acrylic Resin Deembedded Sections
As specifically considered in the previous section,
2-D ESE -dominated SEI are generated by the C-SEM examination of sections obtained from epoxy resin embedded material. However , it is generally accepted that CSEM usually allows a 3-D image recording of surface
details from a bulky specimen or intracellular organelles
from a fractured sample. Therefore , we considered the
use of alternative embedding media such as watersoluble and organic so lvent-so lubl e (Glauert,
1974)
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Figure 1. Rat kidney. A) LM of an epoxy resin embedded 1.5 µm semi-thin section.
Hematoxylin and
eosin stain. B) Corresponding SEI (-) of a similar field
from a different section. p: podocyte ; m : mesangium ;
I: leukocyte ; arrow: erythrocytes.
Bar = IO µm .
Figure 2. Rat small intestine . A) SEI (-) of an acrylic
resin embedded 1.5 µm semi-thin section stained with
uranyl acetate and lead citrate. B) SEI ( +) of an adjacent semi-thin section . After plastic removal a 3-D
image is obtained . C) At higher magnification, the cytoplasm of an epithelial cell reveals some mitochondria
(arrows) embedded in a dense network of membranous
structures. Bars = 50 µm (A and B), and = lµm (C) .

However, it should be mentioned that the osmium
maceration technique works only when the intracellular
structures are adequately exposed. For this reason, the
use of freeze-cracking as a rapid means of exposing cell
surfaces has been widely employed (Inoue, 1985) . Unfortunately, this approach does not permit correlative
studies on the same specimen by using different imaging
systems (e .g., LM and TEM), nor does it permit preliminary LM examination of the specimen prior to observation in the SEM. In addition, the freeze-cracking method randomly exposes intracellular structures usually located on different surface planes thereby making the observation of desired structures with an adequate degree
of reproducibility almost impossible.
To overcome such limitations we attempted a
slightly different approach using the osmium maceration
as a preliminary step prior to embedding the specimen in
a mixture of removable acrylic resin (Scala et al., 1989;
Scala et al., 1990). This method allowed us to easily
obtain specimens suitable for correlative LM, SEM and
TEM examinations.
Small tissue fragments were initially fixed in a
mixture of 0 .5 % glutaraldehyde and 0.5 % formaldehyde
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in 0.15 M phosphate buffer at pH 7.4 for 15 minutes.
The specimens were post-fixed with 1 % OsO 4 in the
same buffer for 2 hours at room temperature (RT) and
then immersed in phosphate buffered 0 . 1 % OsO 4 for 3672 hours at RT . After osmium maceration, the samples
were fixed again for 1 hour in 1 % OsO 4 , dehydrated in
acetone, and embedded in an 8:2 mixture of n-butyl/
methyl methacrylate with 1 % benzoyl peroxide as a catalyst. The resin was polymerized for 12-24 hours at
60 °C. Glass sectioning of the macerated, embedded material provided semi -thin sections for LM and SEM examination. Fig. 3A shows a 1.5 µm semi-thin section
from rat kidney. The section was collected on a clean
glass slide, dried on a 150 °C hot plate , stained with toluidine blue, and viewed by LM. A glomerulus and numerous tubules are clearly observed. It should be noted
that the OsO 4 treated tissue could still be stained with
basic dyes. This permits preliminary LM examination
of the specimen to establish the general architecture of
the embedded tissue. In addition, one can easily localize
sites for subsequent ultrastructural investigation. After
LM, resin was removed from the section using acetone
for 15-30 minutes at RT . The specimens were critical
point dried (CPD), glued on aluminum stubs, coated
with a thin layer of gold or platinum, and examined with
the SEM . Fig. 3B shows a 3-D SEI of an area which is
very similar to Fig. 3A . Figures 3C-F illustrate the
structure of glomerulus (Fig. 3C) and tubules (Figs . 3DF) at higher magnification . In Fig . 3C, thin endothelial
cells evenly display fenestrae in the 60-80 nm range.
Fig. 3D illustrates a few tubule cells . The cells are rela tively large and present round nuclei with evident nucleoli . The cytoplasm contains numerous variou slysized mitochondria as well as different membranous
structures. At higher magnification (Fig . 3E), deep and
complex membrane infoldings between lateral surfaces
can be appreciated. At these sites, long and narrow tubular invaginations apparently originate from the plasma
membrane and form an intricate tubular network running
throughout the cell cytoplasm . Vesicles and small vacu oles are connected to tubules as well as to the external
mitochondrial membrane. Mitochondria reveal numerous densely packed cristae . Short connections between
adjacent mitochondria are also evident. Fig. 3F illus trates some cross-sectioned microvilli at the cell luminal
surface . In this area , slender tubules are also present
between the bases of adjacent microvilli. A few vesicles
close to the inner side of the plasma membrane are also
evident.
Fig . 4A shows a LMI of a 1.5 µm semi-thin section from rat cardiac muscle. The tissue was processed
in the same manner as the previous sample. In addition
to the presence of some intracellular membranous structures, namely mitochondria (stainable with routine basic
dyes), LM clearly demonstrates the loss of contractile
filaments due to the osmium maceration procedure .
After plastic removal, SEM (Fig. 4B) discloses rows of
mitochondria occurring in between the empty spaces
which originally contained the myofilaments. A few ele-

ments of the sarcoplasmatic reticulum are also evident.
These results confirm previous observations by Inoue
( 1985) who noted how myofilaments are dissolved in relation to the duration of osmium maceration.
Consequently , it can be assumed that the shorter time required
for osmium maceration allows maintenance of the Z
disks and part of the filaments. This is well illustrated
in Fig. 5 from a different experiment. In this case , the
rat myocardium was macerated only for 24 to 36 hours.
SEM of a deembedded semi-thin section (Fig. 5A) revealed that some myofilaments were present between mitochondria.
However , the two differently sized filainents as well as Z disks are difficult to resolve. In contrast , TEM examination of a thin plastic section with a
shorter maceration time clearly showed a sequence of
contracted sarcomeres (Fig . 5B) . Filaments associated
with Z disks as well as thin filaments , most likely actin
filaments, can be documented .
Furthermore , rnrrelaied SEM /TEM observations
are possible on thin sections obtained from the same tissue block . It is possible to select significant areas of the
specimen by observing a semi-thin section at LM level
and then cut, from the selected sites, contiguous thin
sections. Part of these sections are collected on glass,
deem bedded in acetone , critical point dried, metal
coated, and observed with C-SEM; while the remaining
sections are collected on grids, coated with evaporated
carbon, and viewed with TEM. Figs . 6A (SEI) and 6B
(TEM image) document this precise correlation.
The
combined examination of 60 nm thin sections from mac erated rat myocardium shows the arrangement of mito chondrial cristae and sarcoplasmic reticulum cisternae
tightly adhering to the external mitochondrial membrane .
Myofilaments are completely removed.

Figure 3. Rat kidney . Osmium treated , acrylic resin
embedded 1.5 µm semi-thin sections :
A) By LM a glomerulu s and numerous tubules are
observed . Toluidine blue stain . Bar = 50 µm .
B) SEI (+) of an adja cent field.
Bar = 50 µm .

Deembedded section .

C) Glomerular endothelial cells evenly display fenestrae

(arrows) in the 60-80 nm range.
ded section. Bar = 100 nm.

C-SEM of a deembed-

D) Tubule cells with round nuclei and evident nucleoli.
C-SEM of a deembedded section. Bar = 10 µm.

Membrane infoldings between lateral surfaces of
tubule cells (arrows). Note the interdigitated tubular
network (arrowheads). m: mitochondria. C-SEM of a
deembedded section. Bar = 1 µm.

E)

Cross-sectioned microvilli at the epithelial luminal
surface (arrows) . m: mitochondria; subplasmalemmal
vesicles (small arrowhead); tubules (large arrowhead).
C-SEM of a deembedded section. Bar = 1 µm.

F)
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HR-SEM of Osmium Macerated,
Deembedded Sections

with 5 nm of platinum in a turbomolecular pumped
Balzers mini coating unit MED 010 and examined in the
C-SEM. Specimens for HR-SEM were imaged in-thelens of a Philips CM12 scanning transmission electron
microscope (STEM) equipped with a LaB 6 emitter. In
addition, contiguous thin sections were obtained from
the same tissue blocks . The sections were collected on
formvar-coated grids, stained with uranyl acetate and
lead citrate, and examined with a Philips 400T TEM.
By TEM (Fig. 8A), the cell membrane of the kid ney proximal convoluted tubules facing the lumen consisted of numerous densely packed microvilli. On the
base of the brush border, the cell membrane apparently
forms short tubular and vesicular infoldings which appeared as filled with electron-dense material. C-SEM of
an adjacent semi-thin section (Fig. 8B) allows better appreciation of the arrangement of cross-sectioned micro villi as well as their close association with the neighboring membrane infoldings. The 3-D SEI clearly reveals
that tubules originate from invaginations of the plasma
membrane and penetrate the apical part of the cell cytoplasm forming an intricate membranous labyrinth which
consists of interdigitating neighboring tubules. The corresponding, high resolution SEI (Fig. 9A) shows the epithelial luminal membrane appearing as an intact flat
sheet which is evenly interrupted by the openings of the
sectioned microvilli. The image further allows simulta neous appreciation of some microvilli which are cut
close to their site of origin (left top corner), while others
are exposed along the entire length (center and right
side). At a higher magnification (Fig . 9B) , the openings
of microvilli displaying an average diameter of 70 nm
are lined by a semicircular membranous contour corresponding to the basal protrusion of the plasma membrane. A few larger openings are also apparent, most
likely representing the base of branched microvilli . Fig .
9C shows the luminal aspect of the plasmalemma, lo cated between microvilli, appearing relatively smooth .
On the contrary, the cytoplasmic part of the microvillous
membrane (Fig . 9D) has some randomly oriented low
protrusions (12-16 nm) which appear to be located along
the entire microvillar length.

Three-dimensional images of intracellular membranous structures are easily obtained during C-SEM examination of deembedded, osmium macerated tissue sections . As expected, this provides an informative adjunct
to both LM and TEM. However, in cases where very
fine surface structural details need to be imaged, C-SEM
is not more efficient. Peters (1985) has convincingly
demonstrated that the 3-D visualization of macromolecular cell membrane structures becomes feasible at very
high magnification ( > 100,000x) when specific requirements are satisfied. These include: a) use of scanning
electron microscopes equipped with a condenser-objective (c/o) lens specimen stage and an above the lens
SED; and b) use of continuous ultra-fine grain ultra-thin
metal contrast films of chromium and tantalum. A further approach is the use of low voltage high-resolution
scanning electron microscopy (LV-HR-SEM) technique .
Papers by Pawley (1984) and Joy (1984) have clearly
validated the hypotheses that a significant improvement
in topographic spatial resolution can be achieved when
a sufficiently small diameter probe is focused at very
low beam voltages(<
3 kV). However until recently,
the performance of LV-HR-SEM in the biological field
has been limited by technical difficulties due to source
brightness and chromatic aberration.
As previously mentioned , the deembedded, osmium macerated sections have an even and reproducible
thickness and present an homogeneous surface for examination . This latter feature is illustrated in Fig . 7 for a
kidney sample retrieved from the embedding block .
Two surfaces are imaged: a rough face (A) corresponding to the trimming face and a smoother surface (B)
coinciding with the plane of sectioning . Therefore, it
can be easily inferred that the surfaces of sections obtained from face B) by glass sectioning should be as
smooth as their counterparts . This means that sections
of this nature exhibit a minimal surface topography, thus
facilitating continuous metal coating in the 1-2 nm
range . Consequently, the generation of accurate topographic contrasts should be expected at very high magni fications.
Semi-thin sections from osmium macerated rat
kidney were collected on silicon chips, deembedded in
acetone, continuously exchanged from acetone to CO 2 ,
and critical point dried using a delicate handling procedure (Apkarian and L'Hernault, 1990). One continuous
purge of the intermediate fluid with CO 2 was carried out
at an exhaust flow rate of 1.2 L/min. The critical point
drying chamber was regulated from purging to critical
temperature at a rate of 1 °C/min. The silicon chips containing the sections were mounted on aluminum plugs
with silver paste and degassed in an ultrahigh vacuum at
3 x 10-5 Pa before 1-2 nm of chromium was deposited by
DC-sputter coating in a Denton DV-602 turbo pumped
system (Apkarian, 1987; Apkarian and Joy, 1988;
Apkarian et al., 1990). Other specimens were decorated

Figure 4. Rat myocardium. Osmium treated, acrylic
resin embedded 1.5 µm semi-thin sections. A) By LM
some myocytes are recognized. Toluidine blue stain.
Bar = 50 µm.
B)
C-SEM of the corresponding
deembedded specimen. M: mitochondria; sarcoplasmic
reticulum (arrowhead). Bar = 1 µm.
Figure 5. Rat myocardium. A) Shortly macerated (24
hours), deembedded 1.5 µm semi-thin sections. C-SEM
shows myofilaments (arrows) between mitochondria. B)
TEM of a contiguous thin section . Uranyl acetate and
lead citrate stain. Bars = l µm.
Figure 6. Rat myocardium. A) C-SEM of an osmium
treated, deembedded thin section. M: mitochondria. B)
Corresponding TEM image. Specimen processed as in
A) except for plastic removal. Uranyl acetate and lead
citrate stain. Bars = 1 µm.
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Conclusion

In the present paper , we have attempted to review
our experiences concerning the SEM examination of sectioned embedded biological material. In particular, we
have tried to emphasize the value of sectioning and
related methods to accomplish precise correlations
among different but complementary imaging systems ,
i .e . LM , TEM and SEM.
C-SEM of semi-thin sections cut from epoxy resin
embedded material provides ESE-dominated , 2-D SEI of
intracellular structures which precisely integrates and
extends previous LM observation of the same samp le .
A 3-D view of intracellular organelles from similar material becomes feasible when a removable resin technique is used in place of routine embedding procedures.
Optimization of this method requires the use of osmium
maceration as a preliminary step to remove excess cyto plasmic matrix from the specimen . Using this approa ch ,
semi -thin sections can be sequentially studied , first by
LM and then by C-SEM , whereas combined TEM and CSEM observations can be accomplished on thinly sectioned tissues . Finally, as the deembedded , osmium
macerated sections have an homogeneous and relatively
smooth face for examination , such specimens also appear
particularly suitable for HR-SEM studies of macromolec ular cell membrane structures .

Figure 7 . Rat kidney.
C-SEM view of the whole
macerated and deembedded specimen. A: trimmed face ;
B : sectioned face . Bar = 20 nm .
Figure 8 (facing page). Rat kidney.
A) TEM of an osmium macerated , acrylic resin embed ded thin section. Uranyl acetate and lead citrate stain .
B)
C-SEM of an adjacent deembedded semi -thin
section . Platinum coating . Arrows : densely packed
microvilli; arrowheads: tubules. Bars = 1 µm .
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Discussion with Reviewers
T. Inoue : In this study, you have observed the sarcoplasmic reticulum and mitochondria as intracellular
structures . Have you ever observed other intracellular
structures such as endoplasmic reticulum or Golgi
apparatus?
Authors: Yes, we have. Endoplasmic reticulum and
Golgi apparatus were particularly evident in specimens
from rat liver (results not shown) .
T. Inoue: Higher magnification of the Fig . 7 is not
shown in this paper . How were the results at higher
magnification when you observed the block surface cut
with a glass kni fe?
Did you observe intracellular
structures clearly as was demonstrated in sections?
Authors : The results were similar. However , images
from sectioned material were better defined . This most
likely depends on the fact that shrinkage due to deembedding and CPD procedures was related inversely to the
mass thickness of the specimen.
T. Inoue: In my opinion, excess cytoplasmic matrices
are effectively washed out from the fractured cells
during the osmium maceration , but not from the intact
cells deeply located from tissue surface . Were intra cellular structures of the deeper cells clearly visible?
Authors: The examinat ion of serial semi-thin sections
cut from the same osmium treated tis sue block demon strated that the pen etration of osmium tetroxide was
rather homogeneous in the spe cimen. Up to 15 µm of
the specimen were suitable for the SEM investigation.
G.M. Roomans: The method used in this paper, while
giving high resolution SEM views of intracellular me mbranous structures appears to be inferior to e.g., the
method used by Tanaka (Scanning Electron Microsc .
1981 ;II: 1-8) where details such as ribosomes on the
endoplasmic reticulum and particles on the mitochondrial
inner membrane can be seen . Did the authors attempt to
take similar pictures? If they did not succeed in this , is
this a consequence of the fact that preparative method
necessarily is a compromise because it has to allow for
sectioning the specimen as well, or are there other
reasons?
Authors: Images by Tanaka were obtained by using an
high performance scanning electron microscope (Hitachi
HFS-2ST) equipped with a cold source. On the contra ry, most of our SE images were taken with a conventional scanning electron microscope , i .e. , the Philips 505
SEM equipped with a pointed tungsten hairpin filaments .
Consequently, images by Tanaka are not comparable
with ours.
However, the chromium coated samples
viewed in a Philips CM12 STEM (please, note that this
is not a dedicated SEM) with a LaB 6 emitter provided
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Authors: We did not measure it. However, we expect
minimal differences.
In fact, we found that the influence of the deembedding procedure was negligible for
very thinly sectioned material. In addition, the use of
the exchange technique instead of conventional CPD allowed us to maintain fine surface structures along with
minimal dimensional changes of the specimen.

images of membrane particles in the 12-16 nm range.
This corresponds to the dimensional range of the structures observed by Tanaka.

G.M.Roomans: In your method, it is necessary to use
methacrylate resins instead of epoxy resins. Does this
create problems for the TEM work?
Authors: No, this does not. However, it is well established that methacrylate polymerize with some shrinkage
thus affecting the specimen morphology.
In order to
minimize this undesirable effect, we are trying to use
partially polymerized methacrylate for the final infiltration and embedding of the specimen. We are also attempting to test other removable embedding media such
as PEG .

R.M. Albrecht: Is it possible to observe a section by
LM and TEM, and then deembed and osmium macerate
for SEM (to clear the filamentous structures)?
Authors: We have not tried this approach, but it should
work well.
R.M. Albrecht: Could a serial sectioning procedure,
whereby frozen sections are prepared for TEM/LM and
then the remaining tissue or sections, osmium macerated
be feasible?
Authors: In our opinion, this correlative technique requires the use of a freeze substitution unit. In this case,
the frozen specimen can be briefly fixed, osmium macerated for several days at low temperature, and then embedded by using the most suitable resin . As a result,
sections may be utilized for immunogold labelling procedures or for 3-D microanatomical studies (after resin
removal) .

K.-R. Peters: The chromium coated samples exhibit
poor contrast of the 30 nm fine structures . What may be
the reason?
Authors: We did not use any of the soft focus printing
techniques you introduced in the paper which appeared
in Scanning 1.(il:205-215 (1985) . Our images were obtained from unprocessed Polaroid Type 55 negatives .
K.-R. Peters : In your deem bedded kidney samples, can
you assess the extent of glomerular over tubular shrinkage when compared with embedded sectioned, or with
LM preparation?
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